Objective: To determine whether Care Navigation (CN), a nurse-led hospital-based coordinated care intervention, reduced the use of hospital services and improved quality of life for patients with chronic illness.
Results: 500 participants were randomised between May 2010 and February 2011; 359 by previous unplanned admission and 141 by clinical impression. The CN group received more community health services (rate ratio, 1.94; 95% CI, 1.35-2.81; P < 0.001) than participants receiving standard care; however, this did not result in statistically significant differences in number of re-presentations (rate ratio, 0.83; 95% CI, 0.68-1.01; P = 0.07), number of readmissions (rate ratio, 0.85; 95% CI, 0.70-1.04; P = 0.11), quality of life at 24 months (mean difference, 0; 95% CI, − 0.10 to 0.09, P = 0.93), or other measures.
Conclusions: CN did not improve quality of life or reduce unplanned hospital presentations or admissions despite community health services almost doubling. Future service development should explore potential benefits of linking navigated intrahospital care to ongoing, proactive care planning and delivery in the community. C hronic, non-communicable diseases including cardiovascular diseases, oral health care, mental disorders and musculoskeletal diseases comprised 85% of the total burden of illness in Australia and New Zealand in the 2008-09 financial year, incurring direct health care costs of $27 billion. 1 Respiratory illness, heart disease and diabetes comprised 80% of the total burden of illness and injury and 70% of health expenditure in Australia in 2004. 2, 3 Fragmentation of health care with poor coordination and communication among care agencies and a lack of continuity of care are noted as problems. 4 As a consequence, some consumers rely heavily on local hospital emergency departments (EDs) to provide ongoing care. Although Australian and overseas studies have emphasised coordination problems in the management of chronic care, little is known about what defines well coordinated care, and what comprises an effective program. [5] [6] [7] Australian coordinated care experiments between 1997 and 2005 8 often ended up costing more than standard care, and fewer than half showed an improvement in patient wellbeing. [8] [9] [10] Western Sydney's health services to older people and those with chronic illness were reviewed by the (then) Sydney West Area Health Service's Service Redesign Unit and PricewaterhouseCoopers in 2007.
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The resulting Care Navigation (CN) framework was intended to help patients with chronic illness access services and providers in a more coordinated and timely way, using alternatives to hospital admission where possible for patients with acute deterioration. Those presenting to the ED would have their care more completely coordinated.
We conducted a randomised controlled trial (RCT) to test the hypotheses that, compared with standard care, CN would:
• be superior for participants with complex chronic illness, improve quality of life, and reduce emergency re-presentations and hospital readmissions;
• extend time to first re-presentation and first readmission, and reduce length of stay; and
• have no effect on the mortality rate.
Methods
The study protocol has been published elsewhere.
12 Ethics approval was granted by Sydney West Area Health Service Human Research Ethics Committee -Nepean Campus (HREC/09/NEPEAN/55), and ratified by the University of Sydney Research Integrity office.
We conducted a pragmatic RCT. Researchers who collected outcome data or performed statistical analyses were blinded to treatment allocation. Patients and CN nurses were not blinded owing to the nature of the intervention.
Eligible patients who presented to Nepean Hospital ED between 17 May 2010 and 25 February 2011 were identified by an algorithm implemented in the ED patient tracking system, and were approached to consent to participate in the trial. The inclusion algorithm identified patients who had three or more unplanned admissions to a Sydney West Area Health Service hospital in any previous 12-month period and were either aged у 70 years or aged у 45 years if they were of Aboriginal or Torres Strait Islander descent; or aged 16-69 years with at least one admission for a respiratory-or cardiology-related condition. Patients were also eligible if a CN nurse determined that a patient would benefit from receiving CN.
Patients were ineligible if they had previously received CN; were medically unable to participate in study activities (questionnaire completion); were admitted to hospital more than one CN business day before randomisation; or did not provide consent.
Randomisation was stratified by age (у 70 years; 16-69 years), and participants were randomly allocated 1 : 1 to CN and standard care. The sequence of treatment allocation was determined by block design. A phone-based randomisation service provided by the National Health and Medical Research Council Clinical Trials Centre was used to allocate treatment arms to participants after consent was given. Participants were followed up for 24 months after randomisation.
Intervention
Three nursing roles were allocated: Inbound, Inflight and Outbound. Two full-time nurses were employed to conduct CN through the recruitment period and for 24 months of follow-up. One nurse conducted the Inbound role -managing patients at presentation to the ED, assessing their current health status and risk of readmission, and directing them to the best method of care in the hospital or community. A second nurse carried out the Inflight role -monitoring the progress of patients' care and minimising delays to discharge from the hospital ward. The second CN nurse also carried out the Outbound role -reviewing patients' hospital stay, assessing the need for out-of-hospital care facilities and making arrangements for ongoing care after departure from hospital.
CN nurses used an electronic assessment form to identify medical and psychosocial risks of readmission, and to identify patients in the ED who might not require hospital admission if community-based care could be organised instead.
Data collection
Baseline demographics were collected from New South Wales Health's Health Information Exchange (HIE) system.
The three primary outcomes of the trial were a reflection of the aims of CN: i) number of re-presentations to Hospital re-presentation and readmission Analysed (n = 247) Excluded (n = 0) EQ-5D outcomes Analysed (n = 132) Excluded (n = 115) Died before completing the form (n = 74) Missed, unable to contact (n = 17) Refused (n = 24)
Hospital re-presentation and readmission Analysed (n = 245) Excluded (n = 0) EQ-5D outcomes Analysed (n = 127) Excluded (n = 118) Died (n = 76) Missed, unable to contact (n = 9) Refused (n = 33) 
24-month analyses

Statistical analyses
Primary analyses were intentionto-treat. The main outcomes were analysed using negative binomial models to estimate the incidence rate ratios of re-presentations and readmissions, and change in EQ-5D score from baseline at 24 months using an analysis of covariance (ANCOVA).
Other outcomes were analysed using negative binomial generalised estimating equation models (length of stay in ED, in ward, and total length of hospital stay; time from arrival in ED to first seen by doctor, and to first allied health referral). For the time-to-event outcomes, time to first ED re-presentation and time to first hospital readmission, we used Kaplan-Meier curves and a Cox proportional hazards model to estimate the hazard ratio.
The total follow-up for each patient was used as an offset. All regression models included treatment arm and the stratification variable (age Further adjusted analyses were conducted for all outcomes, for sex and the number of ED presentations in the 12 months before randomisation (quartiles). Post-hoc subgroup analyses were conducted on the primary outcomes with respect to age strata; number of ED presentations or hospital admissions in the 12 months before randomisation; whether participants were identified as appropriate for CN by clinician flagging; or whether participants had a carer. A two-sided P of 0.05 or less was considered significant. Data were analysed using SAS, version 9.3 (SAS Institute).
Power calculation
We planned to recruit 500 patients over 12 months and expected a 20% loss to follow-up, leaving a final sample size of 400 with 90% power to detect a 20% reduction in hospital readmissions (rate ratio of 0.8), assuming a 5% significance level and a Poisson distribution with an average of 2.5 admissions per patient over 24 months in the control group, compared with 2.0 in the intervention group. A sample of 400 gave 80% power to detect a 15% reduction in hospital readmissions and a clinically significant difference in presentations. It also allowed us to detect a mean difference of 10 points on the EQ-5D scale, with about 80% power at a 5% significance level. This calculation is based on pilot data that estimated standard deviation of EQ-5D scores to be 35 points. 6 Besides the quantitative studies of the effect of CN, a process evaluation gave qualitative insights into the process of the provision of care. Extensive interviews with service providers included tracking how the model of care changed over the course of the intervention. These data will be presented in a subsequent publication.
Results
Five hundred patients were recruited to the study between May 2010 and February 2011. Box 1 shows the flow of participants' progress through the study. Participant baseline demographic information by study arm is presented in Box 2.
Randomisation provided an even distribution between study arms for all demographic variables except sex -the CN group had 55% women compared with 45% in the standard care group. Three-quarters of participants were born in Australia, and four of these were reported in the hospital patient database as being Indigenous. Most participants presented to the ED on a weekday, during the daytime, and 88% were admitted to hospital at their randomisation visit. . This corresponds to a 15% reduction (95% CI, − 4% to 30%; P = 0.11). Quality of life at 24 months did not differ significantly between the CN and standard care groups, with a mean difference of zero (95% CI, − 0.10 to 0.09; P = 0.93).
Primary outcomes
Further analyses adjusted for sex and ED presentations before randomisation were similar.
CN had no significant treatment effect on any primary outcome in any of the subgroups analysed (results not shown).
Secondary outcomes CN did not affect the time to first re-presentation after randomisation (hazard ratio, 1.01; 95% CI, 0.84-1.23; P = 0.89; Box 4A), or the time to first readmission (hazard ratio, 0.93; 95% CI, 0.77-1.13; P = 0.47; Box 4B). CN had no effect on the mean number of hours spent in the ED at the randomisation visit (rate ratio, 0.95; 95% CI, 0.82-1.11; P = 0.54) or over the subsequent 24 months (rate ratio, 0.99; 95% CI, 0.90-1.08; P = 0.80; Box 3). CN did not significantly reduce the mean number of days admitted to a ward at the randomisation visit (rate ratio, 1.2; 95%, CI, 0.82-1.76; P = 0.36) or over the subsequent 24 months (rate ratio, 0.98; 95% CI, 0.82-1.17; P = 0.82; Box 3). CN had no effect on mortality (hazard ratio, 0.92; 95% CI, 0.67-1.26; P = 0.60; Box 4C). CN was an attempt to organise these services from a hospital base. However, it was no more effective than the existing processes of care at Nepean Hospital in improving self-reported quality of life, reducing hospital presentations or admissions, reducing the time patients spent in hospital or delaying readmission. CN had no effect on mortality. No intervention effect was detected in any of the subgroups analysed. However, CN did have an impact on the processes of care following discharge. Patients in the intervention group received more services from community health agencies, mainly nursing services.
Process outcomes
Patients in the CN group spent the same amount of time in hospital and were referred to inhospital allied health or diagnostic services at the same rates as the standard care group. Delivery of CN was largely within the hospital, with limited arrangements made for ongoing care after departure. While these arrangements presumably reflected the care navigators' assessment of the participants' current and expected needs at that time, subsequent changes in their clinical needs would have been managed by health service structures and services that were similar in the two arms of the trial.
Attempts to formally evaluate interventions in health care systems are fraught by changes in the environment of care as staff change, funding sources change, and higher service priorities come to dominate the care scene. CN suffered the effects of all these real-world variations.
While study recruitment achieved the predetermined target of 500 participants and complete data were available for analysis from 492 (98%) at the end of the study, implementation of the intervention varied during the study; in particular, the number of CN nurses reduced from two to one 18 months after recruitment commenced. The second nurse left 4.5 months later, when CN ceased at the hospital, and the final 10 months of the study period had no CN. However, analysis limited to the period when both nurses were available showed no intervention effect on any of the primary or secondary outcomes.
CN during hospital admission with increased referrals for community health services after discharge was too small an intervention in the overall health system to have an impact. Future service development should explore the potential benefits of linking navigated intrahospital care to ongoing, proactive care planning and delivery in the community.
